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Abstract

‘J’he antimony-rich irid um antimony ph8sc  diagram was inves[igatcd  by means of

cliffcrential  thcma] analysis, micropmbc  analysis, metallography find X-r:ty powcler

diffract ion. ‘]’hc cxislcnce  of three compmncls  was comfimcd  in the range 50 [0 100 at. %

S1>: 1rSb3 which forms by pcritec(ic  reaction at 1141 ‘C, IrSb2 which also forms

pcritectical]y at 147S j: 30°C and ]rSb which melts congruently at 1645 i 25 ‘C. ]rSb~

forlils  a degenerate cutcc[ic with antimony at 621 ‘C. ‘J’hc shape of the liquidus  line was

also investigated.
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1. Itlfroduction

The existence of the compound 1rSb3 was first reported in the ]itcr:~t~lre  by Zhuravlcv
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an(i Y%d anov [ 1]. A phase diagram of (he Ir-Sb systcm in (I)c ral lgc 50-1 (K) al. $% Sb was

previously established [2]. ‘l’his dctcrmina(ion  was baseci on mctallographic,  (hcmal  and

X-ray analyses and (1)C liqui(ius  tcmpcraturcs were dctcminccl from cooling curves. ‘1’he

melting IempcM(Lwc  of the cutcctic Sb -i IrSb3 was found to bc 615°C and the cu(ectic

composition was close to pure S1>. ‘J’he existence of two compounds, lrSbz and 1rSb3,

was established in this s(u(iy. Accor(iing  to the same authors, the pcri[ectic decomposition

temperature of IrSb3 was found to be between 800” anti 950°C.  I Iowcvcr,  the results of

high tcmpcraturc  X-ray diffraction studies showed  that no ciecompositicm OCCUYCC1  up to

10OO°C [3] and the authors  concluded that the decomposition temperature must bc bet wccn

1000 and 1200°C. ‘1’i]e  mclling  point of lrSbz is higher Ihan 1 OSO°C  acccmiing 10 high

tcmpcraturc  X-ray diffraction stll(iics [4].

“1’hc  compoun(i  IrSb3 is cubic, isosuuctmal  with the Skuttemciite COAS3, and (he lattice

parameters caI~ be found  in refcrcnccs  [ 1], [2], [3], [5], [6] an(i [7]. lrSbz is monoclinic

with lhc COsbz arscnop}v”itc S(I’LIC’(UJ”C  anti thC ]atlicc  ]XiI’:illlCtCI’S  C:ill be found in Icfcl’cnces

[4], [8] and [9]. Finally, the existence of a compound IrSb, isostructural  with NiAs, was

establishe(i  by X-ray ciiffraction studies [1()].

“]’mnspcmt  properties nmasmuncn[s  of sample.s prepared by the graciient freeze technique

iclcntifieci  IrSb3 as a new semiconductor which may be particularly in(cmsting  for

thcmmclcctric applications [ 11 ]. ‘1’i~e  gradient freeze technique requires a good knowledge

of the phase diagram. ‘1’he phase (iiagram determined by Zhurav]ev and Zhcianov [2] was

usccl for the grow(h of the samp]es. It appeare(i  that mos[ of the samples prepared by this

technique contained some antimony inclusions suggesting that the separ~(ion of the phases

at the liquid-solid inter~~cc was not very efficient, ‘1’his encouraged us to rcinvcs(igatc  the

Ir-Sb system in the range 50 to 100 at.% Sb.

—
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2 .  ltxpcrimcn[al dc(ails

l)iffcrcntia]  l’hcrma] Analysis (l> ’I’A), X-l<ay IIiffrac[omctry  (Xl<])) and also op(iml and

electron microprobe (Ml>A) investigations. ‘1’he alloys were synthesized in quarlz

ampoulcs from sloichiomctric amounts of high purity antimony (99.9999%) and iridium

(99.95%). ‘1’hc ampoules  were scaled unctcr a vacuum  of 10-5 Torr, hcatccl  in a resistance

fumacc at 1250°C  for one clay ancl then air-qucmchcci.  All the samples were subscqucnt]y

amcalcd  a~ a tcmpcratum  of 550°C for 7 days.

A 1 )LIpont  1600°C 1)”1’A apparatus was used for 1)”1’A measurements. “1’hc samples were

scaled under 1 ()-5 ‘1’orr vacuum in quartz capsu]cs  of 5 mm in diameter and 15 mm long.

‘1’he rounded  bottom  of the capsule was flattcnccl  and thinnecl by grinding and fire

polishing to pmviclc a better thcrma]  contact bc(wccn the material and the tllcrmc)couplc,

Argc~n was uscci  as ~hc purge gas ant] hca(ing a])ci cooling, r:itcs  were both 2°C/minute.  ‘1’hc

sc)licl to liquid transformation temperatures were clctcrmincd  from the heating curves while

the licluidus  melting points were talccn from the cooling curves. All the temperatures

rccorc]cd  by 1)’I’A were clctmminec]  with an accuracy of ~ 10°C. Because we USCC1 quartz

capsules in order to prevent any antimony 10SSCS cluring the 1>”1’A experiments, the

maximum recordable temperature was 1250°C, The melting point of samples higher than

1250°C were determined by direct observation of the samples after heating in a RI;

furnace. An optical  pyrometer was used to contrc)l  the furnace temperature and a

calibration was clone by melting stanc]ards of Ge, Si ancl  Ni. ]riclium antimonidc samples

were heated in thick wall quartz  ampoules,  coolecl  to room temperature and visually

checked. If the sample had not mc]ted, the proccdurc was repeated until the samp]c  had

mchccl completely. The uncertainty of this mcthocl was estimated at 5. 25°C.
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Microstructure of the stimplcs,  polished by standard mctallographic  techniques, were

invcstigatcc]  using an optical Tiikon microscope under both ordinary and polarized light.

N411A analysis of sclcctcd samples was also performed on J] 101. JXA-73?I s~lpcrprobc.  X-

ray diffraction analysis was conduc[cd on some samples using a Siemcns  11-500

diffractometer with the Cu-KO radiaticjn.  l)owdcr  X-ray patterns were taken with steps

scan of 2(3 = 0.05 and counting time c)f 3 seconds.

30 l{cs~llls and d i s c u s s i o n

‘I”hc rcsu]ls of the invcs(igations arc summariz.cd  in l;igurc 1 and q’able 1 gives lhc

temperatures of the lY1’A results and also the rcsul(s obtained by direct observation of the

melting of (he alloys.

All the DTA heating curves of alloys  mntaining  from 80 to 98.5 at. % Sb showed a

ttlcrnxil  event at 621 ‘C corrcspon(ling  to the melting of the eutectic  lrSb~ + Sb which has

a composition very close to pure Sb suggcstin.g  that lrSb3 forms a clcgcncratc  cutcctic with

antimony. ‘J’hc melting  point of an(imony  (631 .50(3 is lowered about 10 ‘C by adcli(ion of

iridium. l~igure  2 illustrates the typical microstructure of the alloys in the range 80 to 98.5

at. % Sb nftcr Drl’A. ‘J’wo phases were dctcctcd by MI]A and also Xl<I) analyses in these

alloys: lrSb3 and Sb.

Alloys with 80, 91 and 95 at. % Sb were synthcsiz.cd at 1250 ‘C, held at this

Icmpcraturc for 30 minutes  and then air-qucnchccl.  ‘1’he typical microstructure of these

alloys is shown on l~igure  3. 3’WO phases were clctccted by Ml)A in these alloys, i.e.

an(imony  and the compound IrSbz. These resulls  suggest that dle compound IrSb3 forms

pcri(cctical]y.  IIesidcs  the thermal event at 621 ‘C, alloys txmtainil~g from 80 to 97 at. %

Sb showed a SeCOlld thermal event OJ1 the IY1’A heating curves at 1141 ‘C corresponding



to [he pcri[cc(ic  formation of the compound lrSb3. ‘1’hc botlndary  of the pcritectic line was

cs(imatcd  at about 97 at. % Sb. MI}A of the quenched alloys, subsequently annealed for

24 hours at 550 ‘C, showed lhat they contained also two phases bul instcacl  of IrSbz, the

samples were formed of shaped JrSb~ crystals  inside an an(imony matrix. ‘1’wo phases

WCI”C dCtCCld  by M~’A ill an allOy COIl(aillill~  98 .5  at. % Sb and  qUell~hCd  fI’0111 a

temperature of 1250 ‘C : lrSb3 ancl antimony. T}]e same two phases were also detected by

M1]A in a sample containing 95 at. % Sb and qwmchecl  from 10OOOC.

M1)A of an alloy containing 75 at. % Sb, synthesizcct  at 12500C  and quenched, showed

that it was composed of two phases: IrSbz and antimony. After annealing for tcn days at

960°C,  the sample was found to be sing]c  phase by h41}A and its composition

corresponded to the compound lrSb3. ‘1’he D’1’A heating curve of this sample showed only

one thermal arrest at 1 144°C corresponding to the pcritcctic  decomposition of the

compound. ‘1’he pcritcctic  temperature of 1141 ‘C founcl  in this stuc]y  for the compc~und

lrSb~ is signifimntly higher than (he one rcpotled  in rcfcrcncc [2] but is in agreement with

tt)C work of [3].

l;igurc 4 shows the microstructure of an alloy containing 57 at, % Sb synthcsiz.ecl  at a

temperature of about 16000C and subsequcntl  y qucnchccl,  1.arge  lrSt~ crystals can be seen

within the lrSb2 matrix. lrSb inclusions were also found in quenched samples up to a

composition of 75 at. % Sb. q’hese results indicate that the compound lrSb2 forms

pcritcctically.  The ~>critectic  temperature of IrSb2 was estimated by determination of the

different phases in the qucnchcd  alloys and was estimated at 1475 i 300C. An alloy

containing 66.66 at. 70 Sb, quenched from 1620 ‘C and subsequently annca]cd at 960°C

for ten days, appeared to be single phase with a composition corresponctin~ to the

compcmncl  lrSbZ. Melts containing 50 at. YO Sb and quenched appeared to be single phase

by Ml>A, indicating that IrSb mc]ts congruently. ‘1’hc melting point ~las cstil~lated at 1645
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‘J’he lr-sb )hfisc diagram dclcrmincd in [his study looks similar 10 analogous phase

diagram,  i.e. Co-Sb and Rh-Sb [12, 13]. IIowcvcr,  our dc[cmination  of the phase

cliagram appears [0 be significant] y different from the one cstabl.ishcd in reference [2]. ]n

our s{ucty,  the tcmpcraturcs corresponding to (Ilc pcri(cctic  crystal ]izalion  of IrSb3 in the

range 80 to 97 at. % Sb and dctcmincd  from the cooling curves were very sca[lcrcct and

well below the value of 1141 ‘C Ctc(crmined  from the healing curves. We attributed these

cffcc[s to tbe noncqui]ibrium  crystallization of the alloys upon rapid  cooling. in a study of

the Co-Sb phase diagram 114], similar cffcc[s were observed. A pcri(cc(ic clccomposition

tcmpcra(ure of 859°C  was clctcrmincd  from the heating curves for the compound CoSb3.

])y recording the cooling curves, the temperatures of the pcritcctic. formation of CoSb3

were vcsy scattered and below the temperature of 859°C dctmminccl  form the heating

curves. in the previously establis!lcd  lr-Sb phase di:~graln  I 2], the au[lIors clctc13

]iqllidlls tUll~)C1”:itllrCs  fl”olll  COO]ill~  CLll”\~~S  {1[1(1  (tlCil”  ICSII!(S UJU]d  tl:~VC bCcll  af

similar effects as those rcportec]  ill this study.

4. Conclus ion

)incd the

Cctcd by

A cletem~ination  of the antimony-rich par[ of the lr-Sb phase clifigram was carried out by

I)TA, MPA, XIII]  and metallographic analyses. The cxistcncc of three compounds was

ccmfimcd  in the invcstigatccl  range of composition: lrS b3 which forms by pcritectic

reaction at 1141 “C, 1rSb2 which also forms pcritcc[ically  at 1475 i 30”C ant] IrSb which

melts CO1lgrllell[l}~ a( 1645 i 25 “C. lrSb~ forms a dcgcllcratc cutcctic with antimony al

621 ‘C.
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l;igurc 1, Antimony-rich iridium antimony  phase diagram. (.) detemincd  by I> ’l’A, ([7)

dctcmincd  bydimct  obscrvaticm.

];igurc2. Microgra~>ll  ofalllr-Sb  alloy witl~88at. %St~8f[c11  )l`A.IrSl~sc  rystals(Iigllt

phase) can bc seen within tllc antimony  matrix (dark phase.), h4agnification,  X 200.

l:igurc 3. hflicmgraph of an lr-Sb alloy with 95 at. % Sb sytlthcsiz,ed  at 1250 ‘C and

subsequcnt]y  qucnchcd.  Nccdlc-shaped  lrSb2 crys[als are seen within the antimony matrix

(dark phase). h4agnification,  X 80.

l~igurc 4. MicroSraph  of an Ir-Sb alloy with 57 at.Yo Sb synthcsi~.cd  at 1640 ‘C and

subscqucnt]y qucnchccl.  large lrSb crystals are seen within the IrSb2 matrix (clark  phase).

Magnification, X 110.
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